We report on a pilot project to evaluate the usability of the VRLibrary, a desktop virtual reality library containing links to websites, depicted as books. While lack of instructions may have prevented the participants in the pilot study from completing the experimental tasks efficiently, they endorsed enthusiastically the VRLibrary.
Introduction
The purpose of this exploratory research is to investigate the efficacy of a virtual reality (VR) interface for children's web portals that would assist them in browsing visually digital resources available on the web for educational projects. The application of a VR system for retrieval purposes is based on the assumption that a novel visual interaction device can create an engaging environment where children can retrieve information effectively, whilst learning about the subject of interest. In this paper we report on a pilot study for the third phase of the research -usability testing of the VR portal.
Research has suggested browsing as an alternative to keyword searching for children and young adults, who might otherwise have problems in seeking information from the web (see for example, Druin et al, 2001 , Large & Beheshti, 2000 . In this project, we have chosen VR as a means to facilitate browsing. VR environments have been used successfully in entertainment and gaming worlds, with which our targeted audience is likely to be familiar and enjoys interacting. While young people are increasingly using electronic resources and the Internet they are still well acquainted with traditional libraries (Walter, 2003) . This familiarity with the library environment leads us to believe that the VR environment should represent a physical library, where websites are represented by "books", placed on "bookshelves" in one or more "rooms".
In the first phase of the project (2004) (2005) a desktop virtual reality library (VRLibrary) prototype was developed based on previous research on the presentation of books and bookshelves in a 2D environment (Beheshti, 1992; Beheshti, Large, Bialek, 1996) . Approximately 550 English-language records were chosen from a database of more than 2200 links to web sites in English, French or both, deemed to be appropriate in content and language for elementary students and on Canadian history. The database had been created originally for the History Trek project (Large et al, 2007) . Each record in the database includes the title of the site, a brief description, broad and narrow subject headings in a hierarchy, language of the site, and the developer of the site. At the top of the subject hierarchy are eight broad Topics. Selecting the sites, writing the descriptions, and assigning subject headings were undertaken by the researchers, professional librarians, and graduate students in library and information studies. The History Trek portal is aimed mainly at grade six students who are interested in finding web-based information about Canadian history.
Navigating in the VRLibrary is performed by using a combination of mouse and keyboard (forward, back, left right), standard in popular games. A single click on a book displays the title and description of the site in a translucent text box at the bottom of the screen. Double-clicking a book opens a browser window within the virtual environment, displaying the site in question. The results of two focus-group studies showed that children's first impressions of the virtual environment were very positive and they had fun using the software to find information. The VRLibrary benefited from a high "cool" factor according to the children, which may make it more suitable for these age groups compared to traditional interfaces. They also had several suggestions for improving the system (Beheshti, Large, Julien, 2005): i. For a small collection of 550 websites, no other navigational tools are necessary, but for a larger collection a map or similar tools may be helpful. ii. Keyword searching should be available for a larger database of websites. iii. Gaming features, while desirable, should be minimal to avoid distracting the user from searching. iv. In-context help was preferred to static, text-only conventional help facilities available in many systems. Avatars could be used to depict librarians, who would provide in-context assistants when needed.
In the second phase of the study, based on the feedback of students in phase one, the VRLibrary was redesigned to accommodate a larger database of all the English-language records (approximately 1200) in the History Trek project. The number of rooms was increased from one to eight, each room corresponding to a broad subject area (Topic rooms) such as Aboriginal People, Science and Technology. Four volunteer students were recruited in July 2006 to test the improved and expanded version of the system. As in the first phase, children's initial reaction to the VRLibrary was one of amazement and approval. They enjoyed the gaming-like environment, the graphics, and the sense of control. Students suggested many innovative ideas, some more practical than others (Beheshti & Large, 2006) . The results can be summarized as:
i.
Add an opening screen, where instructions or help can be chosen ii. Display more prominently the keyword searching feature . One method would be to use a 'search' workstation metaphor in the main hallway, where a computer is placed on a desk with appropriate signage alerting the user about the keyword searching capabilities offered by the system. iii. Add directional arrows on the walls to indicate where rooms and shelves are located to reduce disorientation.
iv. Include the ability to combine different subject categories, from any level of the hierarchy. v. Add icons on the walls to show the content of each room vi. Assign a classification system to books, similar to those used in libraries. vii. Provide tools to allow storage of result sets -books that are of interest -for future reference. viii. Provide options for personalization, such as changing the colour of walls. ix. Introduce a more realistic look -windows, pictures/paintings on the walls, etc. x. Include a tool bar at the bottom of the screen that contains 'Help' and 'Search' xi. Provide in-context help through an avatar (a librarian) 2. VRLibrary: Phase III Most of the students' recommendations from Phase 2 have been implemented and we have completed in April 2007 a pilot study for the third phase of the project, the usability testing. Several new features have been added to the VRLibrary in Phase III: i. A laptop computer sitting on a desk in the main hallway, and a similar workstation in each room, referred to as a "Search Station". (Figure 1 ) ii. The entire collection has been classified using the Dewey Decimal Classification. Each book is labelled with a DDC number. (Figure 2 ) iii. Each book may be "kept" for future reference. When the book is opened, an icon allows the user to store the book, in which case the book is not placed back on the shelf. iv. A menu on the Search Station, with five items that children can choose: a. Search for a book: a rectangular box that can be used to enter keywords and phrases. The search engine is identical to the History Trek's engine. b. Map of the Library: a map of the library. After a search is completed, the map indicates the location of the books by displaying red dots in each room. The location of the user is shown by a blue dot. (Figure 3 ) c. Your kept books: when the user "keeps" a book, it will be collected and displayed here. Each book may be opened again and kept or put back on the shelf. 
Pilot Study
During the first week of April 2007, we conducted a pilot study, the objective of which was: (a) to test the new changes implemented in the VRLibrary as the result of the students' recommendations from Phase 2, and (b) to test the usability methodology including the evaluation instrument.
a. Participants A university colleague volunteered to organize the pilot study in her home. With her consent, the staff recruited four English-language speaking children. These children (one boy and three girls) had several years of experience with the Internet, search engines and portals. Their age ranged from 10 to 12 years. Table 1 shows the results of a pre-test questionnaire completed by each child. With one exception, they all access the Internet from home. However, the frequency of access ranges from once a week for two 11-year old girls, to 4 times per week for the boy. Three children use the Internet for homework (H), three use it for fun (F), two use if for collecting information (I), and only the youngest girl reported using the Net for email (E). All use Google to search for information, but the youngest child also uses Ask,com. The girls visit a library at least once a week, while the boy visits a library at least once a month. Based on the responses to the pre-test questionnaire, it seems that the children use the library for pleasure rather than for homework and educational purposes. In addition to the demographic questions, the children also answered a number of questions about their preferences and favourite sites and games (Table 2) . As for games, the boy is attracted to sports types of games, including car racing, whilst the girls are more likely to play simulation games, where they may play with virtual pets or build virtual objects.
b. Procedure Two researchers and a research assistant conducted the pilot study during one evening. We began by introducing ourselves and very briefly describing the project. The testing began with one child, while other children left the room. After a brief explanation the boy was given one of the four tasks used in testing the History Trek portal (Large et al, 2007) . The tasks were presented to children as class projects randomly, one at a time: 1) Your teacher has given you a class project on Jacques Cartier. You need to find a website that tells you in which year he first explored the Saint Lawrence River? 2) Your teacher has given you a class project on a medicine called insulin. You need to find a website on who discovered insulin. 3) Your teacher has given you a class project on native people. You need to find 3 or 4 websites on what was life like for a First Nation person many years ago. 4) Your teacher has given you a class project on the fur trade. You need to find 3 or 4 websites on the fur trade in New France.
We observed each child,, and when we felt that the child might encounter difficulties, we provided hints and clues to reduce any potential anxieties that he/she may experience. After the tasks were completed, the child was given a post-test questionnaire to solicit his/her opinion about the different features of VRLibrary.
Discussion a. information behaviour
The responses to the pre-test questionnaire indicate that the participants in the pilot study are very familiar with Google, websites designed for children and young adults, and games designed for their age group. They use Google to search for information for their class projects and for other purposes. They rely on websites specifically designed for their age group for fun, entertainment, and information. On the other hand, the children were unaware of how a library organizes its content even though three out of four are frequent users. When asked if they knew "how books are arranged (organized) in a library?" two girls said books are organized by authors' last name, one girl said by "letters" and the type of book, and the boy said "they're put in different sections with numbers." None were familiar with DDC and how it is used to organize books. Upon receiving the first task, the children wandered around VRLibrary moving from room to room and shelf to shelf to find relevant information. It was only when they discovered the Search Station that they began a more orderly search pattern: enter keywords in the search box, examine the map of the library that indicated where potential sources of information are, move to the appropriate room, look for the arrows that indicated where the retrieved results are on the shelves, and begin browsing. Lack of a proper opening screen and/or help screen prevented children from completing the first task efficiently, regardless of the search topic. Had the first recommendation from Phase II regarding an instructional opening screen been implemented, this dilemma might have been avoided. Also, children missed the workstation in the hallway, which was not placed prominently at the entrance of the library.
Our observation confirmed children's lack of knowledge of DDC numbers, as they did not take advantage of the classification system to retrieve information. Nevertheless, DDC can be used to provide some logical organization for the books on the shelves, and in the rooms.
b. Opinions
A post-test questionnaire was developed with nine questions, seven of which used a fivepoint likert scale, to solicit children's opinions about and views on VRLibrary. Users' subjective opinions are an important fact in human-computer interaction and interface design (Shneiderman, 2005) . As the results indicate (Table 3) , children enjoyed searching VRLibrary, and with one or two exceptions, all thei evaluations of it are very positive. Words such as "cool" and "awesome" were repeated over again by all of them. This is despite some problems they encountered when they first began searching.
As a result of our observations in the pilot study, we have developed now an opening screen, and will incorporate it in the next version of the VRLibrary before the large-scale usability testing in Phase III. It is noteworthy that children's responses to question 3 indicate that they liked the arrangement of the books on the shelves, even though they were not familiar with DDC numbers.
In addition to the questions in Table 3, we asked two open-ended questions: -Would you use VRLibrary to look for information for a class project?
-What would you change in VRLibrary to make it better? Again, the children were very enthusiastic about the VRLibrary. All stated that they would use it to look for information for class projects. Their responses, however, stemmed partly from the look and feel of the virtual environment and partly from the database content. They commented that unlike Google that retrieved thousands of useful as well as superfluous links, the information provided by VRLibrary was specific and relevant.
As for any changes to improve the VRLibrary, one keen participant said that the system was "perfect", while others suggested two areas for improvement: expand the content to include many other topics such as the history of the U.S.A., and in the areas of science and technology; and more personalization options for changing the colour of the walls and floors. Both suggestions are straightforward, albeit time consuming, to implement.
Conclusion
The VRLibrary has been designed and developed for young information seekers to increase their chances of finding relevant information through browsing. The metaphor of a physical library is used to create an environment, where children and young adults can browse through the stacks, pick a book, and 'flip' through the pages, which provide access to websites. In Phase I, eight students provided feedback on the system, which was used to enhance the VRLibrary. In Phase II, four students evaluated the enhanced version, with many more books and added features. More than half of the suggestions for improving the system focused on searching. Although the VRLibrary is designed primarily for browsing, a searching mechanism nevertheless is required to guide users to a starting point in their browsing. With a few exceptions, most of the recommendations were implemented in preparation for testing in Phase III.
A Phase III pilot study was conducted with four children, the results of which showed the need for an opening screen, which would include brief instructions to alert the user about different features available in the VRLibrary. Children's lack of knowledge of DDC has prompted us to re-evaluate the use of DDC numbers to label the rooms and the bookshelves in the VRLibrary. Instead, we will use the equivalent subject headings to mark various areas in the VRLibrary to guide the children to appropriate sections, and bookshelves.
Regardless of its shortcomings, the VRLibrary has achieved one of its main goals -to be engaging and fun. All the children and young adults who have been involved in testing the VR Library in its three phases have unanimously expressed their enthusiasm for it. Many have asked if it is available on the web, and /or if it is available for sale. This level of interest encourages us to continue our efforts in development and testing the VRLibrary.
